Background and Purpose, A patient with mtiltiple sclerosis (MS) may be seen by a physical therapist for evaluation before the MS diagnosis is definitively made, after a relapse, or during a progression. The diagnosis of MS should be part of the differential diagnosis if the symptoms of a patient with neurological issues fit the pattern of a progressive disease. Multiple sclerosis can affect any part of the central nervous system. Cervical pathology can be confused with relapsing symptoms of MS. The purpose of this case report is to demonstrate how easily cervical pathology can be overlooked in a patient with MS.
T he patient with multiple sclerosis (MS) is frequently encountered in physical therapist practice. There are 25,000 newly diagnosed cases of MS in the United States.' There is strong evidence that MS is an autoimmune disease, although there is controversy as to whether the invasive elements that trigger the immune response are viral or bacterial.^ This inflammatory response to an invasive agent is responsible for disrupting the bloodbrain barrier and allowing the destruction of primarily white matter and, to a lesser degree, gray matter. Susceptibility to MS is considered multifactorial. Other factors that may disrupt the blood-brain barrier include trauma, environmental pollutants, ' and vaccinations. Genetic disposition'' can influence a person's vulnerability to MS. Lifestyle factors such as inactivity, stress,5 and diet*' can influence susceptibility to MS relapse and the course of the disease.
Multiple sclerosis is a poorly understood disease process that dismantles the myelin and myelinproducing cells, leaving lesions or plaques in the central nervous system (CNS). Gray matter destruction is associated with physical disability, fatigue, and cogtiitive impairment.'P rinster et al^ were able to correlate regional loss of gray and white matter with indexes of clinical and radiological severity. Expanded Disability Status Scale scores, and lesion load in people with relapsing-remitting MS.
The McDonald diagnostic criteria are now being used to diagnose MS, but there is still a degree of ambiguity and confusion as to the definition of terms. 5 The diagnostic criteria deñne an exacerbation, time between attacks, requirement of magnetic resonance imaging (MSI) findings, cerebral spinal fluid and evoked potential abnormalities, criteria of follow-up MRIs, and progression characteristics.
Although late onset of symptoms and early presentation of optic neuritis are favorable predictors of outcome, mtiltiplicity of symptoms and frequency of relapse suggest a poor outcome. Prediction of relapse using MRI loading, or factoring the number and location of lesions, is becoming more promising to diagnose exacerbations.'" Signs and syinptoms of MS depend on the area of CNS involvement and can result in a plethora of symptoms. Patients with MS have sensorimotor and balance impairments, ataxia, tremor, seizures, cratiial motor impairments, cogtiitive deficits, and behavioral disorders. Cervical myelopathic and radicular symptoms are seen in active MS iavolvement of the spinal cord. Magnetic resonance imaging with gadolinium contrast has been the conventional method to confirm new active lesions at the spinal cord or new spinal pathology, or as a process of elimination to differentiate them from mechanical derangement of old cervical pathology.
The physical therapist may encounter a patient with MS early in the disease process before a definitive diagnosis is made or affer a relapse or progression. Although it is important for the physical therapist to be aware of MS as a differential diagnosis in the patient •with neurological disease," it also is important that there be a high level of suspicion for comorbid cervical disease or pathology that may confuse the clinical picture or response to treatment.'Î t has been suggested that patients with MS having spastic w^eakness or postural deformities are more susceptible to spinal abnormalities and infections because of the abnormal compressive forces on the vertebra.^B oth diseases are common, their coexistence is not unusual,'^ and multilevel disease can coexist in MS and confuse the diagnosis.'^ The most common symptoms fotmd during a retrospective study of 14 people with definite MS who were schedtiled for cervical decompression surgery were progressive myelopathy and radiculopathy.'' Important clinical considerations for cervical disease include the following: the age of the patient, a history of falls or trauma, repetitive activities, deconditioning, and comorbid diseases such as osteoporosis and diabetes that place the patient at risk. "5 Correctly identifying spinal abnormalities wül determine effective strategies, physical therapy interventions, goals, and optimal outcome for rehabilitation.
Discussing the cUnical radiological paradox, Dousset et al'''' noted that acute MS lesions most often can be detected on T2-weighted images based on the water content. Gadolinium crosses an open blood-brain barrier and reveals acute inflammatory lesions. Gadolinium studies are not foolproof in that chronic lesions can show up as acute lesions or new lesions may be completely missed; thus, adjunct MRI studies are being developed.'•^ Most centers do not perform these expensive batteries of tests. Most of the MS trauma-related research has focused on injury as a cause of MS and not on investigating the effect of trauma on definitive cases of MS. '8 
Patient History and Review of Systems
This case report describes 2 patients who were referred for home health care with a diagnosis of relapsing MS. Both patients were referred for physical therapy by nursing staff after completing the standard treatment of IV methylprednisolone with only marginal resolution of their symptoms. The patients demonstrated exacerbation of previous MS symptoms, particularly complaints of severe cervical pain, spasm, weakness of the upper extremities, and gait instability. No new MS lesions or extension of old lesions were noted in either case when gadolinium contrast MRI was done; however, old cervical pathology was noted at multiple levels.
The patient in the first case described her cervical pain as "different pain and spasms than I had before." The slow resolution of cervical symptoms after IV steroids prompted the physician to diagnose the patient with secondary progressive MS. An MRI was done to confirm suspected new lesions. The MRI did not support the diagnosis; however, it did confirm old cervical pathology that was previously unsuspected.
The patient in the second case complained of an exacerbation of previous MS symptoms, as well as new radicular pain in the left upper extremity. This patient previously had an abnormal MRI with known cervical bulging at 4 levels. The more recent MRI with contrast, however, showed no new MS lesions or change in cervical pathology.
Patient 1
The patient was a 41-year-old woman who was first diagnosed w^ith fibromyalgia, but 10 years later was confirmed by McDonald criteria to have MS. 9 The patient was referred for home health care physical therapy with a diagnosis of relapsing MS. The patient was referred for physical therapy after IV steroid infusion, which slightly resolved her symptoms. The patient's past history was significant for seizure disorder.
migraine headaches, visual loss, depressive disorder, hyperlipidemia, asthma, gastroparesis, a right ankle fracture 1 year previously requiring a bone graft, and multiple falls. Her past cortical and spinal MRIs had demonstrated MS plaques but no bony changes. During the physical therapist's evaluation, the patient complained of headaches, cervical pain and spasm that were "different," and diplopia. There was dysmetria, weakness and tremor of both arms, and increased impairment of balance and ataxia. The patient also complained of an increase in Uhthoff s phenomenon, or worsening of her MS symptoms with elevation of body temperature after exercise. Patient l's medications and dosages are listed in Table 1 .
Cervical Disk Pathology in Multiple Sclerosis

Patient 2
The patient was a 45-year-old woman who also was referred for home health care physical therapy for relapsing MS 1 month after returning from a vacation trip to Panama. She also received IV steroid medication, with some resolution of her symptoms. She was first diagnosed with MS 5 years ago using the McDonald criteria. She initially w^as seen in the emergency department with symp)-toms of feeling detached and smelling foul, unusual odors. She w^as admitted to a psychiatric unit until experiencing optic neuritis, which prompted a thorough neurological examination and MRI. She was diagnosed with MS and a urinary tract infection.
The patient's past history was significant for migraine, vertigo, depressive disorder, and urinary tract infections. An MRI done 5 years ago showed demyelinating disease in 2 cortical areas and fluid surrounding the optic nerve. The cervical MRI showed a possible MS lesion in the cervical cord at the C5 level and in the Tl-2 interspace. There also was mild posterior degenerative annular bulging at 4 cervical levels.
She had recently taken a vacation and rode a cable suspended over the rain forest holding on to a pulley slide. She was taking Provigil (Cephalon Inc, Erazer, Pennsylvania) medication to boost endurance and stated "I may have pushed too hard." She experienced worsening of MS symptoms, including cervical pain, w^ithin 24 hours after returning home. She also had swelling of the right jaw, which a dentist diagnosed as faüure of a previous bone graft with infection.
She complained of patchy visual loss, headaches, severe cervical pain with radicular symptoms down the C5-6 distribution, sensory loss, increased tremor and dysmetria of both of her upper extremities, twitching of her thumb and index fingers bilaterally, and left arm weakness.
The most recent MRI showed confirmation of the old cervical spine plaque, with no active cortical lesions or changes in the bulging disks. Patient 2's medications and dosages are listed in Table 1 .
Examination
The patients initially received a physical therapist evaluation that included assessment of the cardiovascular and pulmonary system, including vital signs; auscultation of the lungs; girth measurements; tests of gait, locomotion, and balance, including the Timed "Up & Go" Test (TUG),i9 the Tinetti PerformanceOriented Mobility Assessment (POMA),20 and gait analysis; assessment of activities of daily living (ADL) and range of motion (ROM); manual muscle testing; reflex testing; the Modified Eatigue Impact Scale^i; and special tests such as the Spurling test, Lhermitte sign, Babinski test, Hofïman test, distraction test, compression test,^^ cranial nerve testing, smooth eye pursuit, finger-to-nose testing, and clonus testing.
The physical therapist outlined short-term and long-term goals, including interventions. A prognosis to reach the stated goals also was included. The format of the home care progress notes included goals and interventions that w^ere evaluated on each note. Significant findings are listed in Tables 2 and 3 , and measurements are show^n in Table 4 .
Patient 1
The patient complained of severe cervical and bilateral arm pain that was "different than before" and rated the pain as 10/10, where a rating of 10 represents "worst pain imaginable." Cervical ROM was limited in all planes by 50%. Her sensation in the hands was diminished and did not appear to follow a dermatome. Her reflexes w^ere +1 throughout both upper extremities. The lower extremities revealed clonus in both atikles, to a greater degree on the right. Tremor in the upper extremities was greater on the right and was more noticeable with fatigue. Strength of her right side was +3/5 compared with strength of 4/5 on the left side. Dysmetria appeared greater in her right upper extremity. Her dynamic sitting balance was 4/5, and her dynamic standing balance was +3/5. She required a roller walker to ambulate. She scored 10/28 on the POMA, indicating that she was at high risk for falls.^s Her TUG score was 28. Her gait was ataxic and staggering. She required assistance for dressing, bathing, and all household activities.
Patient 2
The patient complained of cervical and radicular pain of 10/10 down the left upper extremity. During examination, radicular symptoms were immediately relieved after performiag the distraction test. This is one of the positive tests for radiculopathy and indicated that manual traction could be effective.20 There was numbness in her C5-6 distribution. Her cervical ROM was limited in all planes by 40%, except cervical rotation to the left, which was 50%. Muscle strength of her left arm was grossly +3/5. There were decreased reflexes of the left upper extremity. Reflexes in her right upper extremities and both lower extremities were within normal limits. Her dynamic sitting balance was 5/5, and her dynamic standing balance was 4/5. She refused to use an assistive device, although her POMA score was 18/28 and her TUG score was 18.
Clinical Impression
According to the Guide to Physical Therapist Practice,^'' the treatment 
Intervention
Both patients were treated for exacerbation of their MS symptoms in addition to their functional cervical disk pathology. Treatment time was 1 hour or longer, according to the patients' tolerance. Not all of the modalities could be used at once.
Cervical pathology was addressed using cryotherapy for pain and spasm for patient 1. Soft tissue mobilization, graded manual traction, ROM exercises, deep flexor stabilization, and proprioceptive neuromuscular facilitation (PNF) exercises were performed on her cervical regions. General strengthening exercises for her trunk and low^er extremities and balance-based torso w^eight-ing techniques were used. Her ambulation progressed from a roUer walker to a quad cane. A home exercise program was devised for her, and a cervical home traction unit was provided.
Cryotherapy, ultrasound, and soft tissue mobilization were utilized for pain and spasm for patient 2. Graded manual traction, ROM exercises, deep fiexor exercises, and PNF exercises were directed to her cervical regions and upper extremities. A home program for general conditioning using her pool was added. She was shown how to use a cervical home traction device.
The interventions utilized with both patients are summarized in Table 5 . Cryotherapy was effective for them. The patient in the first case was familiar w^ith cooling body jackets that are designed for patients with MS. Both patients kept the environmental temperatures in their homes at 65° to 70°F. Soft tissue mobilization, graded manual traction,.a home cervical traction unit, and balancebased torso-body weighting were utilized.
The patient in case 2 ambulated throughout the home while wearing a diving belt. The patient in case 1 was encouraged to start a walking program, and pool exercises were shown to the patient in the second case. Physical therapy was schedtiled twice a week for 6 weeks for both patients.
Outcomes Patient 1
Upon treatment completion, the patient reported her pain at 4/10 daily, but not constantly. Diplopia occurred only with fatigue. Her cervical ROM was within normal limits except for left cervical rotation that was 10 degrees less than on the right side. Strength of her cervical muscles increased one grade within range. Weakness of her right side was one grade less than that of her left side and persisted. Her POMA score was 21/28. Her TUG score was 18. She continued to use the home cervical traction unit and followed through with the home exercise program. She continued to complain of fatigue; however, her level of social participation improved so that she was able to enjoy dinners or family outings with proper pacing. An improved gait pattern allowed her to use a quad cane. There w^ere no reported falls in the home. She was able to take public transportation and use air travel to visit her family.
Patient 2
The patient's cervical pain completely resolved. Cervical ROM had improved to w^ithin normal limits. There was resolution in her fasciculations bilaterally. Strength in the left upper extremity increased by half a grade in all muscle groups. Her POMA score was 21/28. Her TUG score was 15. Her ADL scores as defined in the OASIS had improved: M1860 =1/0, Ml 130=3/0, and M1880=l/0. Vision in her right eye was slow to detect light. She was beginning to see some light. More visual studies were planned for the future. She returned to her premorbid activity level and was able to accompany her son in college selection.
Discussion
Two patients with MS, who were taking disease-modifying drugs, were referred for home health care physical therapy with complaints of relapsing MS symptoms. A relapse is a clinical diagnosis characterized by signs of MS, which are either new or old and last for a few days or months. Both patients fit this description clinically; however, when MRIs with gadolinium contrast were done, no new lesions or extension of old lesions were seen in either patient.
Magnetic resonance imaging with gadolinium contrast has been considered the gold standard for determining new MS activity. A series of specific tests for MS have a sensitivity of 94% and a specificity of 55%.^*^ Work has shown that gadoHnium crosses . the blood-brain barrier and detects active lesions in people with MS.-'' This activity persists for 4 weeks, on average, and at most 8 weeks. In both patients presented here, the gadolinium MRI was done within a 2-to 4-^week period of symptoms. The MRI should have detected new lesions but did not. New inflammation was not perceptible on the MRI.
Corticosteroids can diminish or resolve active MS lesions on MRI, but the MS symptoms did not quickly resolve as expected with administration of IV steroids.
The gold standard MRI was done appropriately w^ith gadoHnium during the appropriate time period, after FV steroids that marginally resolved relapse symptoms.
A study by Merwick and showed that relapses may not be easily linked to a particular lesion on MRI, and can be pseudo-relapses. If there are no MRI changes, these relapses may be attributed to physiologic changes such as those due to infection, fever, medications, or electrolytes. The first patient was treated for an upper-respiratory infection, and the second patients was treated for a dental infection, but neither patient had improvement of her MS symptoms when treated with antibiotics. These 2 cases do not fit the definition of pseudo-relapse.
There is another concept that may explain the discrepancy between clinical presentation and MRI findings. This concept is called the "clinical-radiological paradox, " which is described as a lack of clinical symptoms when the MRI is abnormal. These MS lesions are "silent" because neuroplastic processes may have occurred at the cor- 
Rationaie
Aeute onset pain and spasm reduction. Heat therapy is indicated in aeute muscle pain and spasm, to a minimum due to heat insensitivity. Cryotherapy reduces inflammation, edema, and muselé spasm and decreases eonduction velocity of nocieeptors to bloek pain impulses.
To improve proprioeeptive joint sense of deep flexors, eye-head eontrol, and reloeation of head on the trunk.
Patients with mild to moderate fatigue levels, if exereising at proper intensities, ean improve strength without inereasing or aeeelerating the disease proeess.
Torso weighting is used to eounteraet direetional balanee loss in a patient with MS.
Pain impairs deep flexor eervieal muscles that stabilize the neck.
Treatment of eervieal radiculopathy using a multimodal technique. Cervical traetion ean be used for eases of herniated disks with mild eompressive myelopathy.
Patients with MS ean partieipate in aquatie therapy without inerease in fatigue level or heat intolerance and improve their functional scores.
Aérobie training partially affeeted the health-related quality of life of patients with MS.
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Praetiee for health professionals: pain and multiple selerosis. Available at: http://wvvw.msaustralia.org.au/ doeuments/ms-Praetiee/pain.pdf. Waltrop M. Diagnosis and treatment of eervieal radieulopathy using a elinieal prediction rule and multimodal intervention approach: a case series. 
